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OBJIACTfc TEXHHKH QAB^T^-A^ 
HacTo^mee H3o6pexeHHe othochtc* k ycrpoftcraaM 3mhcchohhoh ^eKipoHHKH h 
MuypaxA mhk P o3 TO ktpohhkh, a 6oncc tohho k aBT03MHccH0HHMM m^T« xaKxce k 
ycTpoficTBaM H a ocHOBe aroanenpoHHoa smhcchh ibkhm, kok naocKHe aBT03MHccH0HHwe 

flHCnjieH, HCTOHHHKH 3JI€KTpOHOB MX 3JieKTpOHHbIX HyiHeK UIHpOKOrO HaSHaHeHHH, CBH- 

npn6opoB h ap. 

HPEflUIECTByiOmHH YPOBEHfc TEXHHKH 

B nooieflHee bpgmji paccMaxpHBaexca mhojkcctbo BapHaHTOB [1], peiueHH* Bonpoca 

HOJieBOH 3MHCCHH, B TOM HHCJie H C HCnOJH>30BaHHGM fle^KTOB B lUiaHapHLDC (IUIOCKOCTHMX) 

cipyKTypax [2], hbjijdoihhmhcji MecraMHoapo^imaMH smhcchh. B cpaBHGHHH c aecfreKTaMH 
ocrpH* hmciot 6o^uiee nprnnma** c tohkh 3peHna bo3mo)khocth aoGht&cji 
pery^pHoc™ MHoacecxBeHHofi crpyKiypw ocxpHfi h ynpaBJiaeMocTH MeroaoB cowum* 
octphh na eo^moil nnomam. 0 OT aKo Ha npaicrHKe nacxo BcrpenaioTc* cjrynaH, row hs- 
3a pmmmmx hphhhh pery^pnaa ocrpHtoaa cTpyxrypa ycrynaer no oanopo^ocTH 
CBeneHim CTpyKTypaM co cnyqaHHHM pacnpeaejieiuieM ae^eicroB. 

TssoKe H3BecTHM TpyaHocTH b oSecnewHHH craSHjiBHocTH h ynpaBJweMocTH 
3JieicrpoHHoro noTOKa, reHepHpyeMoro nojieBMM octphhhmm SMHrrepoM. C sthm. xce 
CM ™ Wwcm b oeecneneHHH oaHopoanocTH noaeBoft 3mhcchh sjieicrpoHOB b 
MHoroocrpHHHOM KaTO*e. Thhhhhmm pemeHHeM b oGecneneHHH o^opoahocth nojieBofi 
3MHCCHH sjieicrpoHOB b MHoroocrpHHHOM KaTOfle KBiinexcH co3 fl aHHe 6ajuiacTHoro 
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conpoTHBJieHKH, BupaBHHBaiomero tokh nepes oxaejibHwe noaeBbie SMHTrepu 

MHOrOOCTpHHHOH CTpyKTypBI. 

fljia npeoaaneiuM BMuienepeHHCJieHHbix npo6jieM b cjrynaax c HcnojiMOBaHHeM 

OCTpHHHbK 3MHTTepOB npHMWWIOTCfl pa3JIHHHbie KOHCTpyKTHBHbie H TeXHOJIOrHHeCKHe 

, peineiuui. 

TaK, H3BecTeH ynpaBJweMBifl hctohhhk sjieinpoHOB [3], b kotopom octphhhmh 
nojiesoH 3Mirrrep sjieicrpoHOB coeflHHeH co ctokom MOn (MeTajui-OKHce^-nojiynpoBoaHHK) 

TpaH3HCTOpa, KOTOpwfi CJtyHCHT HCTOHHHKOM CTaGHJIbHOrO TOKa. B TOKOM HCTOHHHKe 

SJieinpoHOB ycneuiHO peajiH3yeTca Bonpoc cTa6HJiH3ai«H h ynpaBJiaeMocro smhcchohhoi-o 
TOKa c nojieBoro SMHTrepa [4]. OflHaKO b stom hctohhhkc sneicrpoHOB p-n nepexoaw 
TpaH3HCTopa pacnojioaceHM b noanojiace, Ha KOTopofi pacnojioaceH iiojicboh smhttcp, a 
ynpaBjiHKJumH sjieicrpofl npocTpaHCTBeHHo pacnojioaceH ueyKay hhm h hctohhhkom 
HOCHTejiefi 3apa«a, kotophh twokq pacnojioaceH Ha nofljiOMace. 3to npHBOflHT k 
3HasHTejiBHOMy yBejiHMeHHK) njioinaflH, 3aHHMaeMOH oahhm iraiccejieM, a cooTBeTCTBeHHO k 
yMeHbmeHHio pa3peiuaiomeH chocoShocth npnSopa. HexoTopoe yjiynineHHe c 
npocTpaHCTBGHHbiM pacnpeaejieHHeM OTflejibHbix sjieMeuroB cTa6HJiH3auHH h ynpaBJieHHa 
peajm30BaHO b [5]. H Bee ace roBopHTb o paaHKajibHOM pemeHHH Bonpoca HHTerpauHH 
3JieMeHTOB ynpaBJieHHa h cxa6HJiH3auHH 3^eci. He npHxojjHTca. 

ConeTaHHe pemeHHH BonpocoB CTa6HjiH3au.HH h ynpaBJiaeMocra c 
npocTpaHCTBeHHbiM pa3MemeHHeM 3JieMeHTOB ynpaBJieHHa yjjanHo peajureoBaHo b [6]. B 

3TOM HCTOHHHKe SJieKTOOHOB JUW CTa6HJIH3aUHH H ynpaBJiaeMOCTH SMHCCHOHHOrO TOKa B 

OCHOB&HHH 3MHTTepa pa3MemeH won. Taxaa KOHcrpyKHHa b npHHUHimajibHOM 
paccMoipeHHH KaK MHHHMyM b TpH pa3a yMeHbinaeT pa3Mepti HcroHHHKa sjieicrpoHOB, TaK 
KaK 3JieMeHT ero ynpaBJieHHa 3aHHMaer to ace npocTpaHCTBO, hto h caM nojieBofi SMHTrep. 
PeajuaoBaHHMH TaKHM o6pa30M hctohhhk sjieiopoHOB, no3BOJiaer peryjuipoBan, 
HanpjDKeHHe Tax, hto CTaproBoe HanpaaceHHe cHHxcaerca h, tcm caMUM, o6ecneHHBae-rca 
onHopOflsaa smhcchs. Ha icano/moM sjieicrpofle ycTaHaBjiHBaerca mhomccctbo sMHTrepoB, 
fleftcTByiomHX nepe3 moan, dbajcnnecKH aBJuronufMHca 6ajmacTHHMH conponiB jichhsmh . 
Tmm KOHcrpyKima o6ecneHHBaeT ojwopoflHocn, smhcchh h onHOBpeMeHHO ee 
ynpawweMocTb. OflHaito ana ycneumoro pemeHHH BonpocoB oaHopoflHocra h 
ynpaBjweMOCTH smhcchohhoto TOKa HeaocTaTOHHo npefljiojKeHHbix b [6] sjieMeirroB 
CTa6HJiH3aiiHH h ynpaBJieHHa smhcchohhum tokom. 

B HacroameM H3o6pereHHH ocymecTBJieHa nonbrnca 6ojiee nojraofi peamBauHH 
npeHMymecTB ocrpHa, npHMeHaeMoro b KanecTBe nojieBoro SMirrrepa. OcrpHe 
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paccMarpHBaeTCH He icaic HeKaa "MaTepHajibHM TOHKa" 3mhcchh 6e3 npocTpaHCTBeHHbix 
xapaicrepHCTHK pa3JiHHHbix ee nacTeft (noao6HO paccMOTpeHHio Taicoro Bonpoca b pa3^e;ie 
"MexaHHica"), a kzk npoerpaHCTBeHHO pacnpeaejieHHbiH o6beicr, pa3Hbie nacxH KOToporo 

BblCTynaiOT 4>yHKIXHOHaJIbHbIMH 3JieMeHTaMH yCTpOHCTBa. 

Tax, b HacTOHiueM H3o6peTeHHH npczuiaraeTCH, b HaerHocra, BbinojiHHTb nojieBoii 
aMHTrep, BKjuoHaiomHH b ce6n Kaie MHHHMyM omm 6apbep (HanpHMep, nepexoa rana n-n+, 
p-p+ hjih p-n), to ecu. 6apbep noMemeH b tcjio nojieBoro 3MH*rrepa. roBopa o tom, hto 
6apbep pacnojioxceH b Tejie nojieBoro 3MHTTepa, mm npeanojiaraeM, hto oh hexo^htch Ha 
HeKOTopoM B03BbiineHHH h>0 (cm. <Dht.3) Haa nojuio^cKofl hjih naji CBOHM 
HenocpewTBeHHbiM ocHOBaHHeM. B npe£Jio>KeHHbix >Ke paHee BapnaHTax [1] h [2] oahh h3 
TaKHX nepexo^oB pacnojioxceH b ocHOBaHHH nojieBoro 3MHrrepa. ripn 3tom oh HaxoflHToi 
jih6o Ha ypoBHe BepxHefi rpaHHUbi noAJioaocH, jih6o HHHce Hee. 

CoraacHO HacroameMy H3o6peTeHHio 3jieMeHTbi ynpaBJieHH* hctohhhkob 
3JieiopoHOB cMemeHM H3 njiaHapHoro pacnpeflejieHHa, KaK 3to peajiH30BaH0 b [1], b 
BepTHKanbHoe. TaKHM o6pa30M, ocHOBHyio pojib b cTa6HJiH3aijHH h ynpaBjieHHH b 
HacTomaeM H3o6peTeHHH otboahtch hmchho MaccHBy (Tejiy) h 6okoboh noBepxHocra 
nojieBoro 3MHTrepa, Hapa^y c ipa^muHOHHOH pojibio BepuiHHbi nojieBoro 3MHTrepa. 

KaK b [3], TaK h b [6] BbrrarHBaiomHe 3Jieicrpoflbi B03fleHCTByioT Ha sjieierpoHbi, 
HaxoflamHecH Ha BepuiHHe. B HacToameM H3o6peTeHHH paccMaTpHBaioTCH Taicne hctohhhkh 

3JieKTpOHOB, B KOTOpblX nOJieBbie 3MHTTepbI HMdOT flOCTaTOHHyiO flJIHHy H TOJHUHHy. 

IIo3TOMy c tohkh 3peHRH B03fleHCTBM ynpasjwiomHx 3jieicipo^OB [3],[6] hjih 6apbepoB 
(HanpHMep ahos corjiacHO [6]) Ha npoxoaczjeHHe HOCHTejien 3apaaa nepe3 nojieBoii 3MHTrep 

paCCMaipHBaiOTCH KaK MHHHMyM UieCTb 06jiaCTeft HCTOHHHKa 3JieKTpOHOB C nOJieBbIM 

3mhtt^pom: nofljioxaca, Ha kotopoh pa3MemeH nojieBoft 3MHTrep, ero ocHOBaHHe, BepmHHa, 
MaccHB (Tejio), 6oKOBaa noBepxHocrb h mecchb (tcjio) Marepnajia, HMeiomero KOHTaicr c 

HOflJIOHCKOH HJIH nOJieBbIM 3MHTTepOM H HepC3 KOTOpblfi npOHCXO^HT nO^BOfl HOCHTeJieH 

sap^su 3ro o6jiacxH cejieKTHBHofi aKTHBaoHH, hjih aKTHBHwe o6jiacTH. TaKHM o6pa30M, 
aKTHBHafl o6jiacTb - o6jiacTb b noflJiOMace, b Tejie nojieBoro 3MHnepa, b ero ocHOBaHHH, Ha 
@re> ^pmsme, Ha ero SokoboK nosepXHOCTH hjih b MaccHBe (Tejie) MarepHana, HMeiomero 
HenocpeACTBeHHbiH hjih onocpeaoBaHHMH KOHTaicr c hoajiokkoh hjih nojieBUM 3MHrrepoM, 
nepe3 KOTopyio (aKTHBHyio o6jiacTb) ocymecTBJMercjj cB*3b HCTOHHHKa HocHTejiefl 3apjma c 
noneBWM 3MHrrepoM h b KOTopofi ocymeerBJwerca ynpaBJieHne tokom (noTOKOM Hocirrejieff 
3apwa) nyreM 3annpaHHH h OTnHpaHHa noTOKa Hocirrejiefi 3apaaa H3 oflHofi o6jiacTH hx 
ABH^ceHHx b apyryio. AKTHBHas o6jiacrb moxcct 6brn> pa3MemeHa Heno cpe actbchho KaK b 



3 



ocHOBflHHH nojieBoro 3MHTrepa [6], BCpuiHHC [3],[6] hjih nofljioaace [3], Tax h b caMOM Tejie 
nojieBoro 3MHrrepa, Ha ero 6okoboh noBepxHocra hjih b MaccHBc (Tejie) MarepHajia, 
HMeaomero HenocpeflCTBeHHbift hjih onocpe^OBaHHwfi KOHTaicr c ticwiokkoh hjih nojieBbiM 

3MHTTepOM, KaK 3TO peiHaeTCH B HaCTOKmeM H306peTCHHH. 

TaKHM o6pa30M, npejuioaceHHbiH b HacToameM H3o6peTeHHH BapnaHT ynpasjuieMoro 

HCTOHHHKa 3JieiCTpOHOB n03BOJWeT KOHCTpyKTHBHO nepeHeCTH 3JieMeHTW ynpaBJieHHfl H3 

njiaHapHoro pacnojioaeeHH* b b epra KajiBHtifl . 3to no3BOJMeT 3HaHHTejibH0 yMeHbuiHTb 
mioma&b, 3aHHMaeMyio o6jiacTbio ynpaBjieHiw nojieBbiM 3MHTrepoM, h, cooxBeTCTBeHHo, 
noBMCHTb pa3pemaiomyK) cnoco6HOcn> npH6opa h paciunpHTb o6jiacTH ero iiphmchchhh. 

IlpH 3TOM COXpaHHeTCH B03M05KHOCTT> nOJiyHeHH* CTa6HJIbHOCTH H ynpaBJIHCMOCTH 
3MHCCHOHHOrO TOKa. 

CymHOCTfc H30EPETEHHJI 

B npe^naraeMOM H3o6peTCHHH b tcjio hjih Ha noBepxHocra nojieBoro 3MHTrepa 
CTa6njiH3HpOBaHHoro HCTOHHHKa 3jieiopoHOB noMemeH 6aptep jsjul npoxoacaeHiw 
HOCHTejien 3ap*ma nepe3 Hero c H3MeHeHHeM hx 3HeprHH. Hajunne yKa3aHHoro 6api>epa 
npHBOOTT k noxBjieHHio 6ajuiacxHoro conpoxHBjieHHe b uenn oTflejibHoro nojieBoro 
3MHrrepa. 

B npeonaraeMOM CTa6njiH3HpOBaHHOM hctohhhkc 3JieiopoHOB, BKjnonaiomeM nojieBofi 
3MHTrep, nofljioaocy, hctohhhk HocHTejiefi 3apjma, no KpafiHeS Mepe oaho 6ajuiacTHoe 
conpoTHBJieHHe, no KpaftHefi Mepe ooto 6ajuiacTHoe conpoTHBJieHHe BbmojiHeHO b BHAe 
Gapbepa, npeflcraBJunomero co6oh rpammy b Tejie 3MHTrepa, o6pa30BaHHyio kohthktom 
MaTepnanoB c pa3HOH npoBOflHMOCTbio. Taioice 6api>ep momcct npeacTaBJiHTb co6oh rpaHHuy 
Mexffy tcjiom 3MHTTepa h npoBOAsmHM cnoeM, pacnojioxceHHOM Ha noBepxHOcxH nojiesoro 
3fiffiHRnpgpa» B TaKOM hctohhhkc 3JieiapoHOB nojieBbiM 3MHTrepoM Moxeer cjiyxcmrb ynacTOK 
yica3aHHoro npoBOAamero cjioh, pacnojioaceiiHoro Ha ocTpne hjih jie3BHe, nepe3 KOToptie 
m^mmm&icx hoaboa HOCHTejieft 3apjma. Hhmmh cjioBaMH, 3mhcchh b TaicoM nojieBOM 
3MHTxepe MO^ceT ocymecTBJum>cK nepe3 npoBczummfi cjioh, pacnojioxceHHuft Ha 
noBepxHocra, h oco6eHHo Ha BepmHHe noneBoro 3MHTrepa. IlpH 3tom jvw co3AaHH* 
6aptepa Moryr npHMeium»cfl nojiynpoBOAHHKOBbie MarepHajiw c pa3JiHHHofi 
npoBO^HMOCTbio rana n, n+ ,p , p+, caM nojieBofi 3MHTrep, TaioKe KaK h HHtie 3JieMeHTbi 
HCTOHHHKa 3jieicrpoHOB Moiyr 6wxb BbinojiHeH H3 noJiynpoBOAHHKOBoro MarepHajia. JSflX 



co3AaHH* 6apbepa TaioKe momcct Hcnojn>30Ba*n»c« tohkhh cjioh H30Jurropa, nonepenHbifi 
HanpaBJieHHio abhxcchha HOCHTejiefl 3apa£a. 

Cau nojieBOH 3MHrrep MoaceT zsjutrbcn BbipameHHbiM 3nHTaKCHajii>HO c no^JioMocoH. 

IIOJieBOH 3MHTTep MOHCCT 6bITb npeflCTaBJieH OCTpHeM miH Jie3BHeM. IlpH 3TOM OH MOHCeT 

cocTo^Tb H3 AByx B3aHMHOKoaKCHajibHbix nacrei*, uinpoKOH HHHCHefi h 6ojiee >3koh BepxHefl 
HacTeft. B nacTHOCTH, nojieBOH 3MHrrep mohcct 6mtl BbmojmeH H3 HirreBHflHoro KpHcrajuia 
KpeMHM. TaKMce BepuiHHa nojieBoro 3MHTrepa MoaceT 6brn> 3aocTpeHa h noKptua ajiMa30M 
hjih ajiMa3ono^o6HbiM MaTepnajioM, npnneM 3th noKpbroui Moiyr 6bm> 3aocTpeHw. 

CTa6HJlH3HpOBaHHWH HCTOHHHK 3JieKTpOHOB OIIHCaHHblH BbUUe MOHCCT HMCTb HCTOHHHK 

HocHTeJiefi 3apHfla, KOTopbm coe^HHeH c nojieBWM 3MHTTepoM nepe3 no^OMocy h/hjih nepe3 
npoBOAaumft cjioh, pacnojioMceHHMH Ha noBepxHOcra nojieBoro 3MHrrepa HenocpeflcraeHHo 

HJIH HepC3 TOHKHH CJIOH H30JIHTOpa. 

TaKMce b HacToameM H3o6pcreHHH npejyiaraeTCJi hctohhhk 3JieiopoHOB, 
BKJKO^aiomHH nojieBOH 3MH*rrep, nojuioaocy, hctohhhk hochtcjich 3ap*aa, no KpaflHefl Mepe 
oxmo 6ajmacTHoe conporaBJieHHe, b kotopom nofljioaoca HMeer <j)opMy oeipHJi h BbmojmeHa 
H3 H30JMimoHHoro MaTepnajia h noKpbrra npoBOflamnM cjioeM, TOJiiijHHa KOToporo 
o6ecnenHBaeT 6ajuiacTHoe conporaajieHHe. IlpH stom nojieBMM 3MHTrepoM XBJweTcx 
ynacTOK npoBOflamero cjioa, pacnoJioxceHHbifi Ha ocTpne. B TaKOM hctohhhkc 3JieicipoHOB 
npOBOAaumft cjioft mohcct HMeTb no KpaflHefi Mepe ojxhh 6apbep win HocHTejiefi 3apjma, 
npHHeM 3tot 6apbep mohcct npeacTaBJWTb co6oh no KpafiHeft Mepe oahh nepexoa, 
o6pa30BaHHbifl rpaHHuefi Meac^y MaTepnajiaMH c pa3JiHHHofi npoBOAHMOCTbio, b tom HHCJie h 
npoBOflHMOCTHMH THna n, n+ ,p , p+, jih6o o6pa30BaH no KpaHHefi Mepe o^hhm cjioeM 
H30JWTopa, nonepeHHoro HanpaBJieHino ABHxceHmi HOCHTejiefl 3apa#a. 

B npe^JiaraeMOM H3o6peTeHHH ynpaBJiaeMoro HCTOHHHxa 3JieicrpoHOB npeflCTasjiaeT 
co6oh onncaHHbiH 3/jecb ace CTa6HJiH3HpoBaHHbiii hctohhhk 3JieicrpoHOB, y KOToporo 
HMeexcH no KpafiHefi Mepe oahh ynpaBJunoumfi aneicipofl. 

Taso&e B npczviaraeMOM H3o6peTeHHH ynpaBJineMoro hctohhhkb 3JieicrpoHOB b tcjio 
nojieBoro 3MHTrepa hjih Ha ero noBepxHOCTb ynpaBJweMoro HcroHHHKa 3JieicrpoHOB 

TOM^^m SKTHBHaH o6jiaCTb HCTOHHHKa TOKa. IlpH 3TOM B03MOXCHO aOnOJIHHTeJIBHO 

pa3MecraTb b Henocpe^cTBeHHofi 6jih30cth ot ocTpHfl, pasHO Kax h Ha caMOM noJieBOM 
3MMrrepe, eme oahh hjih hcckojibko ynpaBJuooimix aneiopoflOB. 

B npeflnaraeMOM ynpaBJueMOM hctohhhkc ajieicipoHOB MoxceT coflepacaTbCJi 
coBOKyimocTb 3JieMeHTOB, BicmoHaiomaji b ce6a noneBofi 3MHirep, noAnoxocy, no KpaftHett 
Mepe o;my aKTHBHyio o6jiacrb, no KpaftHeft Mepe oahh ynpaBJMiomHH sjieiopoA, hctohhhk 
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TOKa, coaepacaiuHH hctohhhk Hocirrejiefi 3ap*aa, no KpafiHeft Mepe ooth H3 SaptepoB juix 
HOCHTejieft 3ap*ma, npnneM no Kpaimefi Mepe own H3 6apbepoB juvl HOCHTejieft 3apaaa h no 
KpafiHeft Mepe OAHa aKTHBHaa o6jiacn> Moiyr 6brn> pacnojioaceHbi KaK b Tejie nojieBoro 
3MHTrepa, TaK h Ha ero 6okoboh noBepxHoc™. Taicace aKTHBHM o6jiacrb MoaceT 6brrb 
pasMemeHa b MaccHBe (Tene) MarepHajia, HMeiomero HenocpeflCTBeHHbifi hjih 
onocpe^oBaHHbiH KOHTaicr c nofljioxocoft h/hjih nojieBbiM 3MHTrepoM. 

ripn 3tom, no KpafiHefl Mepe own ynpaBjunoumfi 3JieKTpofl MoaceT HaxoflHTbca 
b6jih3H 6apbepa wn HOCHTejieft 3ap*ma. C yneroM CKa3aHHoro Bbnne no KpafiHeft Mepe o^hh 
ynpaBJunomnft sjieicrpofl MoaceT 6brrb pacnojioaeeH Ha noBepxHoc™ 3MHrrepa nepe3 
H30JiHpyioumft cjioft. K 3TOMy Mo^ceT 6brn> ^o6aBJieH no KpafiHeft Mepe ooth ynpaBJunomnfi 
3JieiopoA, KOTopbifi oTOejieH ot nojieBoro 3MHrrepa BaicyyMHbiM 3a3opoM. JIio6ofi H3 
nepeHHCJieHHbix Bbnne sjieicipoflOB mohcct pacnojiararbca baojib noneBoro 3MHirepa. TaKMce 
jno6ofi H3 nepeHHCJieHHbix Bbnne sjieicrpoflOB momcct HMen, Henocpe^cTBeHHbifi KOHTaicr c 
nosepxHOCTbio nojieBoro 3MHrrepa. 

YnpaBJiHeMbift hctohhhk 3JieicrpoHOB, onHcaHHbifi 3flecb TaioKe MoxceT HMexb 
KpHCTajuiHHecKyio noflJiOHcicy, jih6o HMexb no^Jio^ocy, KOTopan o6pa30BaHa aioeM H30Jurropa 
h pacnojio»ceHHOM Ha HeM cnoe nposoaamero MarepHajia, npn 3tom npoBo/ummfi cjiofi 

MOHCCT 6bITb KpHCTaJUUIMeCKHM, B HaCTHOCTH, MOHOKpHCTaJIJIHHeCKHM KpeMHHeM, 

opneHTHpoBaHHoro no KpHCTajuiorpa<i>HHecKofi njiocKocra (111). 

YnpaBJifleMbift hctohhhk sjieiopoHOB onHcaHHbifi Bbnne MoaceT HMeTb noBepx scefi 
KOHCTpyKUHH TOHKHfi aioft MarepHajia, npeaoiBpamaiomero Bbixofl c ee noBepxHoc™ 
jno6bix XHMHHecKHX 3JieMeHTOB. B KanecTBe TaKoro MaTepnajia momcct 6bm» ncnojib30BaH 
anMa3 hjih ajiMa3ono£o6Hoe BemecrBo. 

B npe^JiaraeMofi b HacroameM H3o6peTeHHH MaTpHHHoft chctcmc ynpaBjraeMbix 
hctohhhkob 3JieiapoHOB coaepacHTCH no KpafiHeft Mepe #Ba ynpasjiaeMbix HCTOHHHKa 
3JieicrpoHOB, onHcaHHbix 3^ecb ace. TaK ace npczyiaraeTca MaTpHHHaa CHcreMa ynpaBJiaeMbix 
3ai©rapoHO®p b KOTopoft ynpaBJMionmfi 3JieKipoa HMeer bha flna^parMbi, KOTopaa b cbok> 
onepe^b BbmojmeHa H3 npoBOA*mero ajiMa3a hjih ajiMa3onoAo6Horo MaTepnajia. 

Tswsgkc no^JioHoca b TaKoft MaTpHHHofi CHcreMe mo*cct npeflcraBJurrb co6ofi pham 
npoBOA«mero MaTepHana, pacnojioxceHHoro Ha H30jwrope. 

Maipipmag cncreMa ynpaBJweMHx hctohhhkob 3JieicrpoHOB momcct coaepaeaTb AByMepHyio 
CHcreMy H3 B3aHMHonepneHflHKyjwpHbix paaoB ynpaBJiaeMbix hctohhhkob 3JieiopoHOB, 
onHcaHHbix 3^ecb »ce, npn 3tom MaTpHHHbie chctcmm Moryr 6bm> cHa6sceHM inHHaMH, 

KOTOpue B KaMCflOfi H3 CHCTCM paflOB ynpaBJMeMMX HCTOHHHKOB 3JieKipOHOB B33HMHO 
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napajmejibHM h nepneHflHKyjwpHBi uiHHaM apyroft chctcmw p^moB ynpaBJiaeMbix 

HCTOHHHKOB 3JieKTpOHOB, IipHHeM IUHHLI pa3HbIX CHCTCM pHflOB ynpaBJWeMUX HCTOHHHKOB 

3JieKxpoHOB pacnojiOHceHM Ha pa3Hbix ypoBHHX h pa3flejieHbi H30JurropoM. 

CoraacHo HacToameMy H3o6peTeHHK> ycTpoficTBO jum onTHHecKoro OTo6paxceHHa 
HH^opMauHH, coaepacamee MaTpHHHyio CHCTCMy hctohhhkob 3JieiopoHOB h aHOfl, 
BionoHaiomHH CTeKJMHHyio nofljioaacy, cjioh jnoMHHO^opa, h npoBOOTumfi npo3panHbiH 

CJIOH, B KOTOpOM MaTpHHHafl CHCTCMa ynpaBJUieMblX HCTOHHHKOB 3JieKTpOHOB M05KCT 6wTb 

BBsnoJiHCHa Tax, KaK oHa onncaHa Bbiuie. FfpH 3tom npoBoaontHH cjioh aHO#a mohcct 
npeflCTaBJWTb co6oh coBOKynHocxt napajuiejibHbix nonocoK, nepnemmKyjrapHfcix no 
KpaHHefi Mepe oahoh H3 CHCTeM pwoB ynpaBJuuoumx ajieicrpoAOB hctohhhkob sjieicrpoHOB. 
JJjul npe^oTBpameHM Bwxoaa c noBepxHocxn aHOfla KaKHx-jm6o xhmhhcckhx 3JieMeHTOB 
pacna^a ero MaTepnanoB oh momcct 6bm> noKpi>rr cjioeM 3amHTHoro Maxepnajia, 
npo3paHHoro ajih 3JieKrpoHOB. B KanecrBe TaKoro Marepnajia mohcct 6mt& Hcnoju>30BaH 
npo3pa^HMH npoBo^mHH cjioh jih6o ariMa3 hjih ajiMa3onoao6Hoe BemecTBO. 



KPATKOE OimCAHHE HEPTE3KEH 

Ohi\ 1 HjunocTpaiiHH ocymecxBJieHHH nojieBoro 3mhcchohhofo Karo^a corjiacHO [2] 
1- noAJio^oca; 2- KaTO/mtiH sjieiopo^; 3 - ahoa; 4 - MeTajuiHHecKHH cjioh; 5- 
nojiynpoBOAHHKOBMH cjioh; 6 - 3MH*rrep; 7 - h3ojduihohhkih cjioh; 8 - ynpaBJunoumn 

(BBTTHTHBaiOmHfi) 3JieKTpOA; 

Oht. 2A, 2B HjunocrpHpyeT cxeMy #Byx kohchhux bhaob mohojihtho 
c^opMHpoBaHHoro ycTpoftcTBa nojieBoro 3MHTrepa 3JieicrpoHOB coraacHO [1]. 

<Dhi\ 3A, 3E, 3B, 3r HjunocrpHpyiOT oahh p*m BapnaHTOB KOHCTpyKTHBHofl 
peajnraaiwH cra6HJiH3HpoBaHHoro ncroHHHKa 3JieicipoHOB, cootbctctbchho, b Tejie, Ha 
nHOBqp^TOCTH h b y3Kofi nacTH nojieBoro 3MHTrepa: 
a, b, c - MaTepnajiti c pa3Hofi npoBOAHMOcn>K> (HanpHMep, n, p, n+, p+), 
00 ~ mvnwrop, ecjra iioaboa HocirrejieK 3ap^ma ocymecTBJwercH nepe3 noBepxHOCTHufl 
cjiofi, 00 - npoBOAHmHH MaTepHan, ecjiH iioaboa HocHTejiefi 3ap^ma ocymecrBJuieTCji nepe3 
isoAJH'OMscy, 01 - BepuiHHa 3MHTrepa, 

04 h 06 -rpaHHUU Mea^y MarepHajiaMH c pa3HOH npoBOAHMOCTbio (HanpHMep, n-n+, p-p+, p- 
n) 
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Ohi\ 4A, 4B, 4B HjuuocTpHpyiOT omn pw BapnaHTOB KOHCTpyKTHBHOH peajuwauHH 
ynpaBJweMoro HCTOHHHKa 3JieicipoHOB, cooTBeTCTBeHHO, b Tejie, Ha noBepxHoc™ h b y3K0H 
nacTH nojieBoro 3MH*rrepa: 
q - ABHXceirae hochtcjui 3ap*fla, 

d - pacnojiOMceHHe aKTHBHBix oGjiacTeft Ha noBepxHOCTH h b Tejie nojieBoro aMHrrepa, 

e - pacnoJiOMceHHe aKTHBHbix o6jiacreH b Tejie MarepHajia, HMeiomero KOHTaicr c nojieBBiM 

3MHTTepOM, 

05 - HenocpeflCTBeHHMH KOHTaicr ynpaBJunomero 3Jieicipofla c noBepxHocrwo noneBoro 
3MHTrepa, 07 - cjioh H30Jurropa, 08 - ynpaBJimoumH sjieicrpofl, 09 - no,zyio>KKa, 10 - 
MarepHan, nepe3 KOTopbiS nojieBofi 3MHTrep coe^HHeH c hctohhhkom HocHTejieft 3apHaa. 

Onr. 5A, 5B, 5B HjunocTpHpyiOT oahh pw BapnaHTOB KOHCTpyKTHBH oh peajnnaijHH 

MaTpHHHOH CHCTeMBI ynpaBJIHCMblX HCTOHHHKOB 3JieKTpOHOB: 

02 - BTopoft ynpaBJiHioumft MeKipofl, ocynjecTBjunonxHH ynpaBjieHHe bo 
BsaHMHonepneHOTKyjwpHOM HanpaBJicHHH no othoxjqchhio k nepsoMy (08), 03 - H30Jurrop 
(HanpHMep, ereicjio), 1 1 - npoBojwmaa no.zuioaoca-pan, nojieBbix 3MHTTepoB, 

h - H30JlHTOp. 

<X>hi\ 6 HjmiocTpHpyeT own H3 BapnaHTOB kohctpykthbhoh peajiH3aijHH ycipoHCTBa 
onxHHecKoro OTo6pa»ceHHH HH^opMamra: 

12 - cTCKJDiHHaji nofljioaoca, 13 - cjioh moMHHo^opa, 14 - npo3paHHbifi npoBo/mmHH cjioh 

JiyHUIIlfl BAPHAHT OCYIIJECTBJIEHIIfl H30BPETEHHH 

IIPHMEP 1. HaH6ojiee ranHHHHM BapnaHTOM ocymecTBjieHHH 

cxa6HJiH3HpoBaHHoro HCTOHHHka 3JieKipoHOB, HcnoJib3yiomero b KanecxBe 6ajuiacTHoro 
conpoxHBJieHHH 6api>ep, aBJiaerca cjieflyiomHH. Ha MOHOKpHcrajuniHecKoe ocxpHe p-rana, 
l^p^emos anHTaKcnajibHo c noAJioxacofi, ocaagsaerca tohkhS cjioh 
nojmKpHCTajuiHHecKoro KpeMHHa n-THna (Ohh 3T). Ilepexofl H3 MOHOKpHCTajuranecKoro 
M®mwm p-rana b tohkhh nojiHKpHCTajuiHHecKHH cjioh n-rana 6yaeT rajurrbc* 6ajuiacxHMM 

COnpOTHBJieHHeM. 

IIPHMEP 2. Han6ojiee thiihhhmm BapnaHTOM ocymecxBJieHHfl ynpaBJweMoro 
HcroHHHKa 3JieiopoHOB, Hcnojib3yiomero BepTHKajitHoe pacnpe^ejieHHe 3jicmchtob 
ynpasjieHHH hctohhhkom aneicrpoHOB, hbjihctch cjie^yiomHH. OcTpne coaepHCHT b cbocm 
Tejie flBa nepexoaa rana p-n. BepxHM nacTb ocrpHa HMeeT n-ran. Hhmomh nacxb octphh h 



8 



ncwioacKa TaiOKe hmciot n-ran. Cpejuuw nacn> - p-ran, b6jih3h KOToporo hhxojxhtch 
ynpaarMiomHH sjieiopofl. 3tot ynpaBJuuomHH sjieiopofl hmcct nporaHceHHyio 4>opMy h 
pacnojioMceH Ha noBepxHocxH octphh, hmch c hhm HenocpeflCTBeHHbifi KOHTaicr (Ohi\4E). 
llpH no^ane Ha ynpaBJuuoiijHH 3Jieicrpo,a nojio>KHTejn>Horo HanpraceHM b 30He "b" BflOJib 
nosepxHOCTH noJieBoro 3MHTTepa b6jih3h ynpaBjuuomero sJieKipoaa co3flaeTOi 

HHBepCHOHHMH CJIOH, Hepe3 KOTOpblH 3JieKTpOHbI H3 30HM V (nOJUIOHCKH H OCHOBaHHA 

ocxpHfl) HaHHHaiOT "npocaHHBaTBCH" b 30Hy "a", c kotopoh 3JieiapoHw yxce Moiyr npH 
HajiH^SHH ycKopaiomero aHOflHoro nojw 3MHTHpOBan> c nojieBoro 3MHTrepa. IlpH 3tom caMa 
noflJiOHoca Ha KOTopyio noaaHo cooTBeTCTByiomee HanpnHceHHe, hbjmctch hctohhhkom 

3JieKTpOHOB. 

IIPHMEP 3. HaH6ojiee thiihhhbim BapnaHTOM ocymecTBJieHHH ycTpoftcxBa Ha ochobc 
MaTpsiHHofi chctcmbi ynpaBJiaeMbix HCTOHHHKOB 3JieKTpOHOB, Hcnojn>3yiomHx BepraKajiBHoe 
pacnpe^ejieHHe 3jicmchtob ynpaBJieHHH HCTOHHHKaMH 3JieicipoHOB, HBjweTca cjieflyioumH. 
Ha HOAJioxace H3 H3araTopa co3aaeTca CHCTeMa napajuiejibHbix npoBojwiimx uihh H3 nojioc 
KpeMHHA c npoBO^HMocTLio n-THna, Ha KOTopbix corjiacHO IIPHMEPy 2 4>opMHpyK>TCH 
ynpaBJweMue hctohhhkh 3JieicipoHOB, npnneM CHCTeMa co3flaHHbix TaKHM o6pa30M 1-x 
ynpaBJMioiimx sjieicrpoflOB jrejiaeTCJi B3aHMHonepneHflHKyjwpHofi c chctcmoh 
napajuiejibHwx nojioc KpeMHRH. flajiee ^opMHpyioTCH CHCTeMa 2-x ynpaBJunomnx 
3JieicipoflOB nepe3 cjioh creKJia, H30JiHpyiomHH ee ot ocrajibHbix cTpyioyp. IlpHHeM 
npoBo^OHUiHe uihhw 3toh cHCTeMbi napajuiejibHbi CHCTeMe 1-x 3JieicrpoaoB. HaKOHeu 
4>opMHpyeTCH aHOAHan CHCTeMa c chctcmoh napanjiejibHbix npoBOAaumx npo3parabix 
sjieicrpOflOB, KOTopwe napajuiejibHM h cooTBeTCTByiOT chctcmc napajuiejibHbix npoBoaimmx 
mHH nozyioaocH (Onr.6). OopMHpoBaHHe H3o6paaceHH* b TaKOM ycipoftcTBe 
ocymecTBjweTCH B03^eflcTBHeM CHCTeMbi H3 4-x 3JieicipoAOB Ha HocHTejiH 3apa«a B 
KOHKperaoM nojieBOM 3MHTrepe. Flpn 3tom hco6xo ( zuimi>imh ycjiOBmiMH npoTeieaHHH 
Toica HOCHTenefi 3ap*aa aBjiaerca hx HajmnHe b nofljioxace h HajiHHHe 6ojiee bmcokoto 
mmmwwm Ha aHOOTOM sjieicrpofle. 3th kbc chctcmw sjieicrpoaoB pa6oTaK)T b nape. 
HenocpezicTBeHHo nsix BbrrarHBaHH* (hjih onrapaHHa noTOKa) HocHTejiefi 3ap*ma - 
3J3®sipoHOB H3 Tejia nojieBoro 3Mirrrepa noflaerca cooTBeTcrayiomee "BbrrarHBajomee" 
(oiUHpaiomee) Hanpa^eHHe Ha cHcrreMy 2-x 3JieicipoflOB. CncreMa 1-x 3Jieiopo,aoB, pa6oTan 
mpmnemno co chctcmoh 2-x sjieiopoaoB, Hap*wy c ^yHKimefi ynpaBJieHH* noTOKOM 
HOCHTejiefi 3apafla, Taioice BunojimieT 4>yHKimio CTa6HJiH3aimH noTOKa HocHTejiefi 3ap*ma 
nepe3 MaccHB (tcjio) noneBoro 3MHrrepa h, cooTBercTBeHHo, 3MHTHpyeMbix c Hero. 
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0»OPMyjIA H30EPETEHHH 



jL Hctohhhk ajieicrpoHOB, BKjnonaiomHH nojieBofi 3MHTTep, nojjjioaocy, hctohhhk 
HocHTeJiefl 3ap*aa, no KpafiHeft Mepe oaho 6ajuiacTHoe conponiBJieHHe, OTJiHMaiomHfica tcm, 
hto no KpaftHefi Mepe oaho 6ajuiacTHoe conpo-nuuieHHe BtmojiHeHo b Base 6apbepa, 
npeacraBJwiomero co6oft rpaHHiry b Tejie sMHrrepa, o6pa30BaHHyio KOHxaicroM MaTepnanoB 

C pa3HOii npOBOAHMOCTbK). 

2. Hctohhhk sjieinpoHOB no n. 1, OTJraHaroiuHHCJi tcm, hto no KpaaHeii Mepe ojjhh 
6aps,ep npeacraBJweT co6oh oahh H3 nepexoaoB, o6pa30BaHHux rpaHHneH Mewsy 
MaTepHanaMH c pa3JiHHHOH npoBOjjHMOCTbio -rana n, n+ ,p , p+. 

3. Hctohhhk 3JieicrpoHOB no jno6oMy H3 n. 1, n. 2, oTjranaiomHHCH tcm, hto no 
KpaHHeif Mepe ojjhh 6apbep o6pa30BaH oioeM ajojurropa, nonepenHoro HanpaBJieHHio 
ABHHceHHfl HocHTCJien 3apjma. 

4. Hctohhhk sjieicrpoHOB no jno6oMy H3 n.n. 1-3 , OTJiHnaiomHHca tcm, hto nojieBofi 

3MHTTCP HBJWerVCSi BbipameHHbIM 3nHTaKCHailbHO C nCHJIOHCKOfi. 

5. Hctohhhk 3jieKTpoHOB no mo6oMy H3 n.n. 1-4, OTjiHHaioiuHHCfl tcm, hto nojieBUM 

3MHTTepOM HBJlfleTCH OCTpHC 

6 Hctohhhk sjieiopoHOB no jno6oMy n.n. 1-4, OTJiHHaiomHHCH tcm, hto nojieBUM 

3MHTTepOM HBJWeTCH Jie3BHC 

7. Hctohhhk sjieicipoHOB no Jno6oMy H3 n.n. 1-6, OTJuinaionmHca tcm, hto nojieBofi 

SMHTTCp COCTOHT H3 JXByX B3aHMHOKOaKCHaJIbHbIX HaCTCH, IIIHpOKOH HHXCHeH H 60Jiee y3KOH 

BepxHefi Hacrcit. 

8. Hctohhhk sjieicrpoHOB no jno6oMy H3 n.n. 1-7, OTjiHHajoinHHC* tcm, hto nojieBofi 

SMHTTCp BMnOJIHeH H3 HHTCBHJJHOrO KpHCTajIJia KpeMHHH. 

9. Hctohhhk ajieicrpoHOB no jnoSoMy H3 n.n. 1-8, oTJiHqaiomHHCH tcm, hto BepmHHa 
nojaeBoro SMHTrepa saocrpeHa h noKpura anMa30M hjih anMa3onoflo6HUM MaTepnajioM. 

10. Hctohhhk sneicrpoHOB no n. 9, OTjuraajonmHcx tcm, hto ajiMa3Hoe hjih 
aEffifla3©H©$o§Hoe noKpume nojieBoro sMHrrcpa 3aocrpeHO. 

11. Hctohhhk 3JieicrpoHOB no jnoooMy H3 n.n. 1-10, OTJinnaioiuHHca tcm, hto 
hctohhhk HocHTCJien 3apw coeflHHeH c nojieBUM smhttcpom Hepe3 nojuioaacy h/hjih 
npoBownwH cjiofi, pacnojioxceHHtrit Ha noBepxHocra nojieBoro 3Mirrrepa HenocpeacTBeHHo 

HJIH Hepe3 CJIOH H30JlHTOpa. 



11 



12. HCTOHHHK 3JieKTpOHOB, BKJUOHaiOmHfi nOJieBOH 3MHTTCp, nO^ZUIOMCKy, HCTOHHHK 

HOCHTejiefl 3apaaa, no KpaflHefi Mepe omo 6anjiacTHoe conpoxHBJieHHe, OTJiHHaiomHHca tcm> 
hto no KpaHHefi Mepe ooto 6anjiacTHoe conpoxHBJieHHe BtraojiHeHO b BHae 6apbepa, 
npeacTaBJunoujero co6oft rpaHHuy Meac^y tcjiom nojieBoro 3MHTrepa h npoBo^aiuHM cjioeM, 
pacnojiOHceHHbiM Ha noBepxHOCTH nojieBoro 3MHTTepa. 

13. Hctohhhk 3JieicrpoHOB no n. 13, OTJiHHaiomHHca tcm, hto nojieBOH smhttcp 
BKmojraeH H3 nojiynpoBOflHHKOBoro MaTepnana. 

14. Hctohhhk 3JieicipoHOB, no JHo6oMy H3 n. 13, n. 14, OTJiHnaiomHHCH TeM, hto 
cjioh, pacnojio»ceHHbiH Ha noBepxHOcra nojieBoro 3MHrrepa BbinojiHeH H3 
nojiynpoBOAHHKOBoro MarepHajia. 

15. Hctohhhk 3JieiopoHOB no jno6oNfy H3 n.n. 13-15 , oTjiHHaiomHHcs TeM, hto 

nOJieBOH 3MHTTep HBJIAeTCA BMpameHHWM 3nHTaKCHajISHO C nOOTOMOCOH. 

16. Hctohhhk 3jieicrpoHOB no mo6oMy H3 n.n. 13-16, OTjinnaioumHCH TeM, hto 

nOJieBbIM 3MHTTepOM ^BJIHeTCH ocTpne. 

17 Hctohhhk 3JieicipoHOB no jno6oMy n.n. 13-17, OTJiHHaiomHHai TeM, hto nojieBMM 

3MHTTepOM HBJLHCTCH Jie3BHC 

18. Hctohhhk 3JieiopoHOB no jno6oMy H3 n.n. 13-18, OTJiHHaiomHHCH TeM, hto 

HOJieBOH 3MHTTep COCTOHT H3 JSfiyX B3aHMHOKOaKCHajIBH£>IX HaCTefi, UIHpOKOH HHMCHefl H 

6ojiee y3Koft BepxHen nacTefl. 

19. Hctohhhk sjieiopoHOB no mo6oMy H3 n.n. 13-19 OTJiKHaionmHca TeM, hto 

HOJieBOH 3MHTTCp BfcUIOJIHeH H3 HHTCBHflHOrO KpHCTaJUia KpeMHHA. 

20. Hctohhhk sjieicrpoHOB no JHo6oMy H3 n.n. 13-20, OTJiHnaiomHHCH TeM, hto 
BepuiHHa nojieBoro 3MHrrepa 3aocTpeHa h noKpura ajma30M hjih ajiMa3onoao6HMM 

21. Hctohhhk sjieiopoHOB no n. 21, OTjmnaiomHHCH tcm, hto ajiMa3Hoe hjih 
ajiMa3ono£o6Hoe noKpMTHe nojieBoro sMHrrepa 3aocrpeHo. 

22. Hctohhhk 3JieiopoHOB no jno6oMy H3 n.n. 13-22, oTJiHHaiouxHHCH tcm, hto 
hctohhhk HOCHTCJieft 3apaaa coejXHHeH c nojieBBiM 3MHrrepOM nepe3 noAJio^acy h/hjih 
upomnmmA cjiott, pacnojioaeeHHMH Ha noBepxnocTH nojieBoro 3MHTrepa HenocpeacTBeHHo 

MEM ^qpe3 SJIOH H30JIAT0pa. 

23. Hctohhhk 3JieiapoHOB no n. 13-23, OTjmnaiomHHai tcm, hto no KpaftHefi Mepe 
OflHH 6aptep npeACTaBJiHCT co6ofi ooth H3 nepexo^oB, o6pa30BaHHMx rpaHHuefi Mexvsy 
MarepnajiaMH c pa3JiHHH0H npoBOflHMocrbio rana n, n+ ,p , p+. 
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24. Hctohhhk 3jieicrpoHOB no Jiio6oMy H3 n.n. 13-24, OTjmnaiomHHc* tcm, hto no 
KpafiHefi Mepe o^um 6apbep o6pa30BaH cjioeM H30Jwropa, nonepeHHoro HanpaBJieHHio 
ABH^ceHHs HocHTejiefi 3apa,aa. 

25. HCTOHHHK SJieKTpOHOB, BKJUOHaKMUHH nOJieBOH 3MHTTep, noaJio*Ky, HCTOHHHK 

HOCHxejieH 3apjwa, no KpafiHefi Mepe omo 6anjiacraoe conporaBJieHHe, OTJiHHaiomHHca tcm, 
qTO noanoHoca HMeeT 4>opMy ocTpiw h BbinojmeHa H3 H30Jwu.Hoimoro MaTepHana h noKpura 
npoBOflanmM cjioeM, ToranHHa KOToporo o6ecnenHBaeT 6ajwacTHoe conporaBJieHHe. 

26. HCTOHHHK SJieKTpOHOB HO n. 27, OTJIHHaiOmHHCH TCM, HTO npOBOflJUUHfi CJIofi 

HMeer no KpafiHefi Mepe oahh 6apbep w* Hocirrejiefi 3apjma. 

27. Hctohhhk sjieiopoHOB no n. 28, otjikhcIioiuhhcs tcm, hto 6api,ep npeflCTaBJweT 
co6ofl no KpafiHefi Mepe ojuih H 3 nepexoaoB, o6pa30BaHHux rpammeH Meawy MarepHajiaMH 

C pa3JIHHHOH npOBOAHMOCTblO THna n, n+ ,p , p+. 

28. Hctohhhk sjieirrpoHOB no Jiio6oMy H3 n. 27, n. 28, OTjrHHaKMimfica tcm, hto 
6apbep o6pa30BaH no KpafiHefi Mepe qohhm cjiocm Hsojurropa, nonepeHHoro HanpaBjieHino 

ABH3KSHHH HOCHTCJieH 3apJUa. 

29. YnpaBjiaeMbifi hctohhhk sjieinpoHOB, BKinonaioiinifi nojieBofi smhttcp, 
nowosasy, hctohhhk hochtcjich sapiwa, no KpafiHefi Mepe oaho 6ajuiacTHoe 
conpoTHBjieHHe, no KpafiHefi Mepe ooth ynpaBJiffloumfi sjieinpofl, OTjmnaiomeecji tcm, hto 
oh coaepjKHT hctohhhk sjieicrpoHOB, BbmojiHeHHbiH no n.n. 1-28 

30. YnpaBjiaeMbifl hctohhhk sjieierpoHOB, no n. 29, OTJiHHaiomHfica tcm, hto oh 
coflepxcHT no Kpaitaeft Mepe o/my aKTHBHyio o6jiac-n, b tcjks h/hjih H a noBepxHocrn 
nojieBoro sMHrrepa. 

31. YnpaajweMbiH scxohjihk sjieiopoHOB, no jno6oMy hs n. 29, n. 30, oTJiHHaioinHfica 
tcm, wo oh coaepjKHT no KpafiHefi Mepe ozmy aKTHBHyio o6jiacrb b npoBoasmeM cjioe, 
pacnojioMceHHOM Ha noBepxHociH noflJioaocH h/hjih nojieBoro SMHircpa HenocpeacraeHHo 

ELJffi *iejpe3 O30H H30JMTOpa. 

32. YnpaiuweMwfi hctohhhk ajieicrpoHOB no jno6oMy H3 n.n. 29-31, oTjmnaionmHCJi 
TeM 5 mo no KpafiHeft Mepe own ynpaBJunornHfi ajiempofl HaxoairrcH b6jih 3 h o;moro hs 
6apbepoB ami Hocirrejiefi 3apa#a. 

33. YirapaBJiJieMbiH hctohhhk MeicrpoHOB no Jiio6oMy H3 n.n. 29-32, OTJinnaionmHca 
tcm, hto no KpafiHefi Mepe o«hh ynpaBnjnonmfi ajieicrpofl pacnojioxceH Ha 6oKOBofi 
nosepxHocTH nojieBoro SMHTrepa nepe3 roojuipyioiiuifi cjioft. 
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34. YnpaBJiHeMMfl hctohhhk 3jieicipoHOB no JiK>6oMy H3 n.n. 29-33, OTJinnaioiimHai 

TCM, HTO OH CO^epMCHT no KpaHHefi Mepe OJXHH ynpaBJWK>mHH 3JieKTpOfl, KOTOpMH OTAeJieH 

ot nojieBoro 3MHTrepa BaicyyMHbiM 3a3opoM. 

35. ynpaBJMeMbifi hctohhhk 3JieicrpoHOB no Jiio6oMy H3 n.n. 29-34, OTJiHHaiomHHCH 
tcm, hto no KpaHHefi Mepe oahh ynpaBJimomHft 3Jieiopofl pacnojioaceH BtfOJib nojieBoro 
3MHrrepa. 

36. ynpaBJweMMH hctohhhk 3JieKipoHOB no Juo6oMy H3 n.n. 29-35, OTJiKHaioiimfica 

T6M, HTO ynpaBJMIOmHH 3JieKTpOfl HMeeT HenOCpe^CTBeHHblH KOHTaKT c 6OK0BOH 

noBepxHocTbK) nojieBoro 3MHrrepa. 

37. ynpaBJiaeMbifl hctohhhk 3JieicipoHOB no JiioSoMy H3 n.n. 29-36, OTJinnaioiimHai 
TeM, hto xuir HCTOHHHKa sjieiopoHOB, BbmojraeHHoro no n.n. 1-24, nofljio>KKa hbjwctch 

KpHCT£UUIHHeCKOH . 

38. ynpaBjraeMbifi hctohhhk 3JieKTpoHOB no jno6oMy H3 n.n. 29-37, oTJiHHaiomHftcH 
rem, -rro Mm HCTOHHHKa sjieiopoHOB, BbmojraeHHoro no n.n. 1-24, nojuioaoca o6pa30BaHa 
cjioeM H30Ji«Topa h pacnojioxceHHbiM Ha HeM cjioeM npoBoaamero MaTepnajia. 

39. ynpaBJiaeMbiii hctohhhk sjieiopoHOB no moSoMy H3 n. 37, n. 38, OTJiHHaiomHHCH 

TCM, HTO npOBOAHUmfi CJIOH nOtfJlOHCKH BbmOJIHeH H3 MOHOKpHCTaJUIHHeCKOrO KpeMHM, 

opneHTHpoBaHHoro no KpHCTajuiorpa(t>HHecKoft iuiockocto (111). 

40. ynpaBjraeMbiH hctohhhk sjieiopoHOB no JiK>6oMy H3 n.n. 29-39, OTJinnaioiimfica 
TeM, hto Ha ero noBepxHocra pacnojioaceH cjiofi MaTepnana, npo3paHHbifi ;yra sjieiopoHOB, 
npe^OTBpamaioiimH buxoa xhmhhcckhx sjicmchtob c noBepxHocra ynpaBJmeMoro 

HCTOHHHKa 3JieKTpOHOB. 

41. ynpaBjweMbifi hctohhhk sjieiopoHOB no n. 40, OTJiHHaiomHfiai TeM, hto b 
KanecTBe yKa3aHHoro MaTepnana Hcnojib30BaH ajma3 hjih ajiMa3onoao6Hoe Bemecrao. 

42. MaTpHHHaa cncieMa ynpaBjiaeMtix hctohhhkob 3JieicrpoHOB, coaepaeamaa no 
KpaftHeft Mepe ,z*Ba ynpaBJmeMbix HCTOHHHKa sjieiopoHOB, OTJiHHaiomaacfl TeM, hto no 
Kpafeefi Mepe omn H3 ynpasjweMbix hctohhhkob sjieiopoHOB BbraonneH no mo6oMy H3 n. 
n. 29-41. 

43. MaTpHHHaa cHcreMa ynpaBJiaeMtix hctohhhkob 3JieKipoHOB no n. 42, 
mmmmismeK TeM, hto OHa coaepHcmr OTyMepHyio cHCTeMy H3 
B3aHMHonepneH^HKyjMpHbix pjw>B ynpaBjweMbix hctohhhkob 3JieKipoHOB. 

44. MaTpHHHM cHCTeMa ynpaBJweMwx hctohhhkob sjieiopoHOB no Jno6oMy H3 n. 42, 
n. 43, oTjiHHaiomaacH TeM, .hto b ynpaBJineMbix HCTOHHHKax sjieiopoHOB no KpaHHefi Mepe 
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oflHH ynpaBJiKioiuHH 3JieKipofl HMeer bha AHafojarMw, Koropaa BtmojmeHa H3 npoBoasmero 
anMua hjih ajiMa3ono^o6Horo MaTepaana. 

45. MaTpHHHaa cHcreMa ynpaiuiaeMMx hctohhhkob sjieirrpoHOB no Juo6oMy hs n. 
n. 42-44, OTJiHMaiomaacH Te M , hto noanoaaca npeacTaBjiaer co6oii paaw npoBoaamero 
MaTepnana, pacnojioxeHHoro Ha H30JiaTope. 

46. MaTpHHHaa cHCTe M a ynpaBJweMMX hctohhhkob sjieinpoHOB no Juo6oMy H3 n. 
n. 42-45, oraHHaiomaaca tcm, hto ynpaiwiaeMHe hctohhhkh sjieicrpoHOB cHaGaceHH 
npoBowauHMH inHHaMH, KOTopae b Ka*noH H3 chctcm paflOB ynpamiaeMwx hctohhhkob 
3JieicrpoHOB BsaHMHO napajmejiBHU h nepneHflHKyjwpmj niHHaM Apyrofi chctcmm paaoB 
ynpaajweMux hctohhhkob saeicrpoHOB, npnneM uihhw pasHwx chctcm P *wob ynpaBJiaeMbix 

HCTOHHHKOB SJieKTpOHOB pacnOJIOJKCHM H3 paSHMX ypOBHSX H paSfleJieHU HSOJWTOpOM. 

47o Yctpohctbo jym onTHHecKoro OTo6paxceHHa HH^opMauim, coaepacamee 
MaTpHHHyio CHCTCMy ynpaBJweMMX hctohhhkob ajieiopoHOB h aHOfl, BKJHonaiomHH 
CTeioiHHHyK) noanoxacy, cjiofi jnoMHHofcopa, h npoBoaanwH npospaHHbift cjioh, 
OTOwnaiomeeca tcm, hto MaTpHHHaa CHCTeMa ynpaiuiaeMMx hctohhhkob ^eicrpoHOB 
BbmojuieHa no jno6oMy H3 n.n. 42-46. 

48. Yctpohctbo ana onTHHecKoro OTo6paKeHHa HH^opMauHH no n. 47, 
OTjranaiomeeca Te M , hto iipoBojwinHH npospaHHMfi cjioh npeacTaBJiaer co6oii coBoicynHocn, 
napajweju-HMx hojiocok, nepneHjuncyjiapHyio no KpaimeH Mepe oahoh hs chctcm paaoB 
ynpaBJiaiouoix ajieiopoflOB hctohhhkob ajieicrpoHOB. 

49. ycrpoHCTBo ana onTHHecKoro OTo6pa»eHHa HH^opMamm no juo6o M y H3 n. 47, 
n. 48, OTjronaioiueeca tcm, hto aaofl noKptrr cjioe M sanmrnoro MaTepHana, npospaHHoro 
Wia aJieicrpoHOB a nr^orapainaKMnero bhxo* xhmhhcckhx aJieMeirroB pacnaaa MaxepnajioB 

mom » npOCTpaHCTBO MOKfly M3TpHHHOH CHCTCMOH HCTOHHHKOB 3JieKTpOHOB H aHOflOM. 

50. Yctpohctbo ana onTHHecKoro OTo6paHceHHa HH$opMaimH no n. 49, 
OTjranaiomeeca tcm, hto b KanecTBe sannrraoro Marepnajia Hcnojn»30BaH anMas hjih 

ajiaaa302io^o6HBiH MaTepnan. 

51. Yctpohctbo Ana onTHHecKoro OTo6pajKeHna HH^opMaura no jno6oMy hs n. 49, 
an. 50, omagaiomeeca tcm, hto b Kanecrae sannrrHoro Marepnana ncnojiwoBaH npoBownmiH 
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PEOEPAT 



npewiaraeTCH hctohhhk aneiopoHOB, b kotopom b toto h/hjih Ha noBepxHOCTb 
nojieBoro 3MHTrepa noMemeHbi 6ajuiacTHoe conponcBJieHHe h aKTHBHaa o6jiacxb 
HCTO«iHHKa ajiempoHOB. ripw 3tom SajuiacTHoe conpoTHBJieHHe mojkct 6bm, peaJiH30BaHO 
co3aaHweM 6apbepa b bhas oflHoro H3 nepexo^oB rana n-n+, p-p+, p-n, jra6o cjioeM 
H30JiaTopa, nonepeiHoro HanpaBJieHmo ^BH»eHiM HOCHraiefi 3apaaa. Bee sjieMeHTbi 
ynpaBJieHHfl TaKHM hctohhhkom ajieiopoHOB HMeer BepTHicajibHoe pacnanoaceHHe. 3to 
no3BOJiaer 3HaHHTera,HO yMeHbinHTb iuioma,zn>, 3aHHMaeMyio o6jiacTbK> ynpaBJieHHs 
nojieBMM 3MHTrepoM, h, TaKHM o6pa30M, noBbiCHTb pa3peinaiomyio cnoco6HOCTb 
npn6opa h paunHpHTb oSjiacrn ero npHMeHeHHfi, a TaioKe Hcnojn>3ya KOHeHHyio 
npocTpaHCTBCHHyio npox«3KeHHOCTb nojieBoro 3MHTTepa, b nacTHOCTH ocrpHa, 
ocymecxBHTb pacnpeaejieHHe sjieMeHTOB ynpaBJieHHa h CTa6nnH3 aijHH Bflojib Bcero 
3MHTxepa. 



